We claim: 



1 . A combinatorial library comprising variants of a parental ligand binding molecule, 
wherein said parental ligand binding molecule comprises an immunoglobulin V H 
fragment comprising at least in substantial part, at least the FR regions of the 
immunoglobulin V H domain depicted in one of Figures 1 or 2 and wherein said 
variants comprise, at least in substantial part, at least the FR regions of the 
immunoglobulin V H domain depicted in one of Figures 1 or 2 and differ from said 
parental ligand binding molecule at amino acid residues constituting at least part of at 
least one of the CDRs of said parental ligand binding molecule. 

2. A library according to claim 1, wherein said parental ligand binding molecule is a 
substantially intact four chain antibody or a binding fragment thereof including an Fd 
fragment, an Fab fragment, an Fabc fragment, a F(ab') 2 fragment, F(ab) 2 fragment, a 
single chain V region fragment (scFv), or a fusion polypeptide, wherein the fusion 
polypeptide comprises any such parental ligand binding molecule fused to another 
polypeptide. 

3. A library according to claim 1, wherein said parental ligand binding molecule is a 
dAb. 

4. A library according to claim 1, having a substantial representation of variants which * 
have a CDR3 that is 16 to 33 amino acids in length. 

5. A library according to claim 4, wherein substantially all of said variants have a CDR3 
that is the same length. 

6. A library according to claim 4, wherein said variants have CDR3s which vary in 
length. 

7. A library according to claim 5 or 6, wherein a substantial proportion of said variants 
have a CDR3 that is 18 to 28 amino acids in length. 
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8. A library according to claim 5 or 6, wherein a substantial proportion of said variants 
have a CDR3 that is 20 to 25 amino acids in length. 

9. A library according to claim 5, wherein a substantial proportion of said variants have 
a CDR3 that is 23 amino acids in length. 

10. A library according to claim 4, wherein said variants vary from said parental ligand 
binding molecule in an amino acids constituting at least part of the CDR3. 

11. A library according to claim 10, wherein said parental ligand binding molecule 
comprises an immunoglobulin V H binding fragment comprising, at least in substantial 
part, the CDR3 region of the immunoglobulin V H domain depicted in Figure 1 . 

12. A library according to claim 4, wherein said parental ligand binding molecule 
comprises an immunoglobulin V H binding fragment comprising, at least in substantial 
part, the CDR regions of the immunoglobulin V H domain depicted in Figure 1. 

13. A library according to claim 4, wherein said variants comprise the same FR regions as 
said parental binding molecule. 

14. A phage display library according to claim 4, wherein said parental ligand binding 
molecule comprises the entire FR regions of the immunoglobulin V H domain depicted 
in one of Figures 1 and 2. 

15. A library according to claim 1, wherein said parental ligand binding molecule 
comprises at least in substantial part the FR2 region of the immunoglobulin V H 
domain depicted in Figure 1, including residues 44, 45 and 47, and wherein the FR2 
regions is at least partially randomized to generate variants having one or more 
hydrophilic amino acids at VH-VL interface. 
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16. 



A library according to claim 4, wherein said variants vary from said parental ligand 
binding molecule at amino acids which are proximal to the carboxy terminus of the 
CDR3. 



17. A library according to claim 12, wherein said variants vary from said parental ligand 
binding molecule in an amino acids which are immediately upstream of position 
lOOo. 

18. A library according to claim 4, wherein said variants vary from said parental ligand 
binding molecule in an amino acids lOOi to lOOn identified in SEQ. ID. NOS.: 1, 2 or 
3. 

1 9. A library according to claim 4, wherein said parental ligand binding molecule is 
derived from a human V H domain identified in Figure 1 or is built on any framework 
which is at least 80% homologous (preferably 85% homologous, more preferably at 
least 90% homologous) to the framework and other conserved regions of said human 
V H domain. 

20. A library according to any claim 4 or 19, wherein said parental ligand binding 
molecule is built on a V H framework which is at least 80% homologous (preferably 
85% homologous, more preferably at least 90% homologous) to the framework 
regions and conserved regions of a human V H domain. 

21. A library according to claim 4 or 20, wherein said parental ligand binding molecule is 
built on a V H framework which is at least 80% homologous (preferably 85% 
homologous, more preferably at least 90% homologous) to the framework regions and 
conserved regions of a human V H domain derived from a IgM. 

22. A library according to claim 19, 20 or 21, wherein said parental ligand binding 
molecule is encoded by a nucleic acid sequence comprising nucleic acid residues 6-48- 
as shown in Figure 3. 
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A library according to claim 19, 20 or 21, wherein said parental ligand binding 
molecule is encoded by the nucleic acid sequence depicted in Figures 3 or 4. 

A library according to claim 1, wherein said parental ligand binding molecule 
comprises at least in substantial part the FR2 region of the immunoglobulin V H 
domain depicted in Figure 1, including amino acid residues 44, 45 and 47. 

A library according to claim 15 or 24, wherein one or more residues selected from 
residues 4 to 21 in FR1 are partially randomized. 

A library according to claim 15, 24 or 25, wherein one or more residues selected from 
residues lOOo to 1 14 in FR4 are partially randomized. 

A library according to claim 15, 25 or 26, wherein the residues selected for partial 
randomization lOOo to 1 14 in FR4 are randomized at least 75% and preferably 90% in 
favour of the residues depicted in Figure 1 . 

A library according to any of the preceding claims which is a phage display library. 

A phage display library displaying a plurality of different variants of a parental ligand 
binding molecule, wherein said parental ligand binding molecule comprises an 
immunoglobulin V H binding fragment comprising, at least in substantial part, at least 
the FR regions of the immunoglobulin V H fragment depicted in one of Figures 1 or 2 
and wherein said variants are encoded by nucleic acid sequences which vary from the 
nucleic acid sequence encoding said parental ligand binding molecule in a 
subsequence encoding at least part of one of the CDRs of said parental ligand binding 
molecule, whereby said plurality of variants comprise at least in substantial part, the 
FR regions of the immunoglobulin V H fragment depicted in such Figure 1 or 2 and are 
differentiated, at least in part, by amino acid variations encoded by variations in said 
subsequence. 
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A heterogeneous population of genetic packages (eg. phage) having a genetically 
determined outer surface protein, wherein the genetic packages collectively display a 
plurality of different, preferably human, (ie. substantial identity to human) V H 
ligand-binding fragments, each genetic package including a nucleic acid construct 
coding for a fusion protein which comprises at least a portion of the outer surface 
protein and a variant of at least one soluble parental ligand-binding fragment 
preferably derived from or having a substantial part of the FR regions of the amino 
acid sequence identified in one of Figures 1 or 2, (or a sequence at least 80%, 
preferably 85 to 100%, more preferably 90-100%, homologous (ie. identity) thereto), 
wherein the V H binding-fragment preferably spans from a position upstream of an 
immunoglobulin heavy chain CDR1 to a position downstream of CDR3 (preferably 
including substantially all of FR1 and/or FR4), and wherein at least part of a CDR, 
preferably the CDR3, is a randomly generated variant of a CDR of said parental V H 
ligand binding- fragment and wherein the fusion protein is preferably expressed in the 
absence of an immunoglobulin light chain whereby the potential V H binding 
fragments are, on the whole, better adapted to be or better capable of being expressed 
as soluble proteins. 

A ligand binding molecule which is a variant of a parental ligand binding molecule 
which comprises an immunoglobulin V H binding domain, said parental binding 
molecule comprising, at least in substantial part, at least the FR regions of the 
immunoglobulin V H fragment depicted in one of Figures 1 or 2 and wherein said 
variant comprises, at least in substantial part, the FR regions of the immunoglobulin 
V H fragment depicted in the corresponding such Figure 1 or 2 and differs from said 
parental ligand binding molecule at amino acid residues constituting at least part of 
one of at least one of the CDRs of said parental ligand binding molecule. 

A ligand binding molecule which is derived from a variant of a parental ligand 
binding molecule which comprises an immunoglobulin V H binding domain, said 
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parental binding molecule comprising, at least in substantial part, at least the FR 
regions of the immunoglobulin V H domain depicted in one of Figures 1 or 2 and 
wherein said variant comprises, at least in substantial part, the FR regions of the 
immunoglobulin V H fragment depicted in the corresponding such Figure and differs 
from said parental ligand binding molecule at amino acid residues constituting part of 
one of the CDRs of said parental ligand binding molecule. 

33. A ligand binding molecule which has been identified as binding to a target ligand by 
screening a library according to claims 1 to 24 for one or more ligand binding 
molecules which specifically recognize said target ligand. 

34. A combinatorial library comprising variants of a parental ligand binding molecule, 
wherein said parental ligand binding molecule comprises an immunoglobulin V H 
fragment comprising at least in substantial part, at least the FR regions of the 
immunoglobulin V H domain depicted in Figure 1 and wherein said variants comprise, 
at least in substantial part, at least the FR regions of the immunoglobulin V H domain 
depicted in Figure 1 and differ from said parental ligand binding molecule at amino 
acid residues constituting part of at least one of the CDRs of said parental ligand 
binding molecule. 

35. A library according to claim 34, wherein at least a substantial number of said variants 
comprise at least one of the following mutations: 

G44E 
L45R 
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Y47G 



V93A 
K94A 

36. A library according to claim 34, wherein at least a substantial number of said variants 
comprise the following mutations: 

G44E 
L45R 
Y47G 

37. A library according to claim 34, wherein at a substantial number of said variants 
comprise the following mutations: 

G44E 
L45R 
Y47G 
V93A 
K94A 



38. A library comprising a heterogeneous population of genetic packages which 

collectively display a plurality of different potential V H binding fragments, each said 
genetic package having: 

(a) an outer surface having an outer surface protein; and 

(b) a nucleic acid construct coding for a fusion protein, said fusion protein 
including: 
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(i) at least a portion of said outer surface protein; and 

(ii) a V H binding-fragment spanning from a position upstream of an 
immunoglobulin heavy chain CDR1 to a position downstream of CDR3, 
wherein at least part of said CDR3 is a randomly generated variant of a CDR3 
of a non-camelid or a non-camelid type parental V H binding-fragment; and 

wherein said fusion proteins are expressed in the absence of an immunoglobulin light 
chain protein or portions thereof on said outer surface of said genetic packages, and 
wherein said potential V H binding fragments are adapted to be or capable of being 
expressed as soluble proteins. 

39. A library as claimed in claim 38, wherein said potential V H binding fragments have a 
CDR3 length of 16 to 33 amino acids. 

40. A library as claimed in any one of claims 38 or 39, wherein said V H binding-fragment 
comprises fragments FR1 to FR4. 

41 . A library as claimed in any one of claims 38-40, wherein each said genetic packages 
is a phage and said library is a phage display library. 

42. A library as claimed in claim 41, wherein said V H binding fragments comprise 
fragments FR1 to FR4. 
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A library as claimed in claim 39, wherein CDR3s of a variety of different lengths 
from 16 to 33 amino acids are predominantly represented in said potential V H binding 
fragments. 

A library as claimed in claim 43, wherein CDR3s of a variety of different lengths 
from 17 to 23 amino acids are predominantly represented in said potential V H binding 
fragments. 

A library as claimed in claim 44, wherein CDR3s of 23 amino acids in length are 
predominantly represented in said potential V H binding fragments. 

A library as claimed in any one of claims 38-45, wherein said potential V H binding- 
fragment is built on a V H framework which is at least 80% homologous to the 
framework regions of human V H . 

A library as claimed any one of claims 38-46, wherein said parental V H binding- 
fragment is derived from a human V H chain identified in Figure 1 or is built on any 
framework which is at least 80%homologous to the framework and other conserved 
regions of said human V H chain. 

A library as claimed in claim 38, wherein said parental V H binding-fragment is 
adapted or adaptable to a human framework. 
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49. A library as claimed in any one of claims 38-48, wherein the amino acids in one or 
more series of CDR3 amino acids selected from the groups of amino acids consisting 
of 95-100 and lOOi-lOOn are preserved in approximately at least 90% or 
approximately 100% of said potential V H binding fragments. 

50. A library as claimed in any one of claims 38-49, wherein one or more amino acids in 
one or more series of CDR3 amino acids selected from the groups of amino acids 
consisting of 95-100, lOOi-lOOn, 100o-102 and 101-102 of Figure 4are preserved, on 
an amino acid by amino acid basis, in approximately at least 90% or approximately 
100% of said potential V H binding fragments. 

51. A library as claimed in any one of claims 38-50, wherein said potential V H binding 
fragments have a native human V L interface at positions 44, 45, and 47 of Figure 1 . 

52. A library as claimed in any one of claims 38-51, wherein said potential V H binding 
fragments have non-hydrophobic amino acids at least one of positions 44, 45, and 47 
of Figure 1. 

53. A library as claimed in any one of claims 38-52, wherein said potential V H binding 
fragments are further characterized by a CDR3 containing an amino acid sequence 
which is at least 90% homologous to at least one region of conserved amino acids 
selected from those regions identified in Figure 1. 

54. A library as claimed in any one of claims 38-53, wherein said potential V H binding 
fragments are furthe r characterized in that at least approximately 50% of the amino 
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acids corresponding to the amino acids at positions lOOa-lOOh shown in Figure 1 are 
biased in favor of wild-type A6 to produce at least 10% wild-type amino acid at said 
positions in said potential V H binding fragments. 



55. A library as claimed in claim 54, wherein said potential V H binding fragments are 
flirthe r characterized in that at least approximately 90% of the amino acids 
corresponding to the amino acids at positions lOOa-lOOh shown in Figure 1 are each 
10% biased in favor of wild-type A6 to produce at least 10% wild-type amino acid at 
said positions in said potential V H binding fragments. 

56. A library as claimed in any one of claims 38-55, wherein one or more individual 
amino acids in positions 100a- 100b and lOOg-lOOh, or 100a- 100c and lOOf-lOOh, are . 
wild-type in at least approximately 10% of said potential V H binding fragments. 

57. A library as claimed in claim 56, wherein individual amino acids in positions 100a- 
100b and lOOg-lOOh, or lOOa-lOOc and lOOf-lOOh, are wild-type in at least 
approximately 50% of said potential V H binding fragments. 

58. A library as claimed in any one of claims 38-57, wherein at least 50% of individual 
amino acids in positions 95-100 are biased in favor of wild type to produce at least 
10% wild-type amino acid at said positions in said potential V H binding fragments. 

59. A library as claimed in any one of claims 38-58, wherein at least 90% of the 
individual amino acids in positions 95-100 of Figure 1 are biased in favor of wild-type 
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to produce at least 10% wild-type amino acid at said positions in said potential V H 
binding fragments. 

60. A library as claimed in any one of claims 38-59, wherein at least 50% of the 
individual amino acids in positions 100/ - 100/t in Figure 1 are biased in favor of wild- 
type to produce at least 10% wild-type amino acid at said positions in said potential 
V H binding fragments. 

61 . A library as claimed in claim 60, wherein at least ,50% of the individual amino acids 
in positions 100/ - 100« in Figure 1 are biased in favor of wild-type to produce at least 
50% wild-type amino acid at said positions in said potential V H binding fragments. 

62. A library as claimed in any one of claims 38-61, wherein individual amino acids in 
any one or more of positions 100a- 100b, lOOg-lOOh, 1001 and lOOo are biased to 
produce at least 10% of wild-type amino acids, aromatic amino acids or amino acids 
selected exclusively from the group consisting of tyrosine, histidine, glutamine, 
asparagine, lysine, aspartic acid and. glutamic acid, wild-type amino acid at said 
positions in said potential V H binding fragments. 

63. A library as claimed in any one of claims 38-62, wherein amino acids in any one or 
more of positions 100a- 100b, lOOg-lOOh, 1001 and lOOo are biased to produce at least 
50% of wild-type amino acids, aromatic amino acids or amino acids selected 
exclusively from the group consisting of tyrosine, histidine, glutamine, asparagine, 
lysine, aspartic acid and glutamic acid, at said positions in said potential V H binding 
fragments. 
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A library as claimed in any one of claims 38-63, wherein at least 5 consecutive amino 
acid positions among positions 95-1 OOn shown in Figure 1 are biased to produce at 
least 10% wild-type amino acids at said positions of said potential V H binding 
fragments. 

A library as claimed in any one of claims 38-64, wherein at least 8 consecutive amino 
acids positions among residues 95-1 OOn shown in Figure 1 are biased to produce at 
least 10% wild-type amino acids at said positions of said potential V H binding 
fragments. 

A library as claimed in any one of claims 38-65, wherein at least 10 consecutive 
amino acids among residues 95-1 OOn shown in Figure 1 are biased to produce at least 
10% wild-type amino acids at said positions of said potential V H binding fragments. 

A library as claimed in any one of claims 38-66, wherein at least amino*acids 
positions 100a- 100b to lOOf-lOOh and 100m are biased to produce at least 50% wild- 
type amino acids at said positions of said potential V H binding fragments. 

A library as claimed in any one of claims 38-67, wherein at least amino acids 
positions lOOf to 100m are biased to produce at least 50% wild-type amino acids at 
said positions of said potential V H binding fragments. 
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69. A library as claimed in any one of claims 38-68, wherein at least amino acids 

positions lOOo to 102 or 101 to 102 are biased to produce at least 10% wild-type 
amino acids at said positions of said potential V H binding fragments. 

7.0. A library as claimed in any one of claims 38-69, wherein framework regions are at 
least approximately 90% homologous to that of the wild-type parental binding- 
fragment shown in Figure 1 . 

71. A library as claimed in any one of claims 38-70, wherein the CDR2 region is at least 
approximately 80% homologous to that of the wild-type parental binding-fragment 
shown in Figure 1 . 

72. A library as claimed in any one of claims 38-71, wherein the CDR1 region is at least 
approximately 80% homologous to that of the wild-type parental binding-fragment 
shown in Figure 1 . 

73. A library as claimed in any one of claims 38-72, wherein the CDR1 region is biased 
to have a cysteine residue for forming a loop in said V H binding fragment by means 
of interaction of said cysteine with a randomly generated cysteine residue in CDR3. 

74. A library as claimed in any one of claims 38-73, wherein said recombinant phage are 
constructed in an M-13 derived vector and said phage coat protein is pill. 
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75. A library comprising a heterogeneous population of genetic packages which 
collectively display a plurality of different potential binding fragments, each said 
genetic package having: 

(a) an outer surface having an outer surface protein; and 

(b) a nucleic acid construct coding for a fusion protein, said fusion protein 
including: 

(i) at least a portion of said outer surface protein; and 

(ii) a randomly generated variant of a non-camelid or a non-camelid 
type parental binding fragment; 

wherein at least a part of said construct is biased in favor of producing said fusion 
proteins which are expressed as soluble proteins. 

76. A library comprising a heterogeneous population of genetic packages which 
collectively display a plurality of different potential binding fragments, each said 
genetic package having: 

(a) an outer surface having an outer surface protein; and 

(b) a nucleic acid construct coding for a fusion protein, said fusion protein 
including: 

(i) at least a portion of said outer surface protein; and 

(ii) a randomly generated variant of a non-camelid or a non-camelid 
type parental binding fragment; 

wherein at least a part of said construct is biased in favor of producing said fusion 
proteins having the amino acid construct of said parental binding fragment. 
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77. A library as claimed in claim 76, wherein said construct is biased in favor of 
producing soluble fusion proteins. 

78. A library as claimed in claim 77, wherein said parental binding fragment is a V H 
binding fragment, and said construct either includes at least a portion of amino acids 
95 to lOOo of Figure 1. 

79. A library as claimed in claim 78, wherein said parental binding fragment is a V H 
binding fragment, and said construct either includes at least a portion of amino acids 
ofCDR3. 

80. A library as claimed in any one of claims 75-77, wherein said genetic package is a 
phage and said soluble parental binding-fragment is selected from the group 
consisting of an scFv, Fab, V H , Fd, Fabc, F(ab') 2 , F(ab) 2 derived from A6. 

81. A library as claimed in any one of claims 75-80, further comprising a plurality of 
libraries which are pooled, wherein at least a first and a second of said pooled libraries 
differ in the degree of biasing to wild-type amino acids. 

82. A library as claimed in claim 81, wherein said first and said second pooled libraries 
differ with respect to the degree of biasing of CDR3 region to produce fusion proteins 
with differing solubility characteristics. 

83. A library as claimed in claim 82, wherein said first and said second pooled libraries 
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differ with respect to the degree of biasing to produce amino acid that are preferred 
for intermolecular interaction, said amino acids selected from a group including 
tyrosine, histidine, glutamine, asparagine, lysine, aspartic acids and glutamic acid. 

84. A method for creating a library of soluble proteins expressing heavy chain binding 
domains comprising generating a library of microorganism clones producing variant 
protein heavy chain binding domains by incorporating mutations into the binding 
subunit DNA of a non-camelid parental heavy chain binding domain in said 
microorganism clones. 

85. A method for creating a library expressing binding domains comprising: 

(a) cloning a parental DNA sequence encoding a parental domain to create 
parental clones; 

(b) replacing a variable region of said parental clones with a variant DNA 
sequence by adding by a series of step-wise in vitro syntheses variant nucleic acids to 
positions on said parental clone, said variant nucleic acids corresponding to positions 
of parental nucleic acids, to create a variant DNA sequence; and 

(c) generating a library of genetic packages each having a surface and a 
surface protein expressed on said surface, said surface protein including a variant 
protein binding domain expressed by said variant DNA sequence; 

wherein at step (b) said variant nucleic acids are added from a series of discrete pools 
of nucleic acids, and at least one of said pools is biased in favor of selecting a nucleic 
acid of the corresponding position of the parental nucleic acid.. 
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A method as claimed in claim 85, wherein said at least one pool of nucleic acids is 
biased in favor of selecting said corresponding parental nucleic acid by preparing a 
dNTP solution having an excess of said corresponding parental nucleic acid as 
compared to other nucleic acids. 

A method as claimed in claim 85, wherein said library is a phage library. 

A method as claimed in claim 85, wherein said binding domain is an immunoglobulin 
binding domain. 
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